A large scale loss of plant production occurred when abiotic stresses happen in planting season under different agricultural production systems, which may result in 70% reduction of the potential yields of crop plants[@b1]. In the growth and developmental periods, crop would suffer seasonal floods and drought, temperature extremes or salinity all the year round. Globally, a data from FAO (2004) showed that about 22% of the agricultural land is saline, and the increasingly damage caused by drought has been reported to limit plant growth and development following the loss of productivity, and especially crop species[@b2][@b3]. Thus, salinity and drought stresses are two of the most seriously abiotic stresses that pose a threat on crop productivity worldwide.

Sugarcane (*Saccharum* spp. hybrids) is a world-wide cash crop for sugar, biofuel and other food industries such as rum in tropical and subtropical regions. It serves as the world\'s largest crop and was cultivated on about 26.1 million hectares in 2012 in 101 countries, estimated by FAO. As a highly productive C4 grass and a bio-fuel source, more interests have been paid on sugarcane recently[@b4]. Though sugarcane can overcome a short period of water deficit during the final developmental growth when sucrose accumulating, a long term of drought can cause significant cane yield and sugar content losses[@b5]. Traditional breeding strategy for resistance improvement is lagging behind the demand of commercial need for lack of knowledge about stress tolerance-related traits, lack of efficient selection techniques, and low of genetic variance and fertility[@b6]. Recently, subtractive hybridization[@b7][@b8], cDNA microarray[@b9][@b10], transcript expression profile[@b11], proteome[@b12], transcriptome[@b13] and microRNA-seq[@b14], known as differential display and serial analysis of gene expression techniques and strategies, have been used to identify genes and molecular markers involved in stress responses, and the following genetic modifications with these genes or application of these markers would be an enormous advantage for improvement of breeding[@b15]. The previously researches showed that such a large number of genes with minor gene effects regulate water deficiency-mediated stress tolerance, which referred to complex quantitative traits that vary in plants[@b6][@b16]. Thus, the regulation study of hundreds of stress-related genes is a key step to explain these stress-related molecular mechanisms. Real-time quantitative polymerase chain reaction (qRT-PCR), which is a high-throughput technique with wide application in living organisms, is powerful to target and quantify gene expression[@b17]. Although qRT-PCR has a numerous advantage in normalize gene expression, several factors, such as sample amount, RNA integrity, reverse transcription (RT) efficiency, cDNA quality, sample-to-sample variations in amplification efficiency, or even the tissue and cell activities for sampling, can significantly influence the normalization of gene expression when perform analysis[@b18][@b19].

As a requirement for obtaining heavily reliable measurement of gene expression by qRT-PCR, introducing one or several reference genes, which stably express across various experimental samples and serve as the internal control, is an essential way to balance the variation between samples or reactions[@b17][@b20][@b21]. The expression of most housekeeping genes varied under different biotic or abiotic stresses, and it means that no single gene is suitable for all kinds of normalization experiments[@b20][@b22]. So, it suggested that a stable-evaluating selection of reference genes should be performed before using these genes for normalization[@b20][@b22]. In the present study, several statistical algorithms, such as geNorm[@b17], NormFinder[@b18], BestKeeper[@b23], deltaCt method[@b24] and RefFinder WEB-based software[@b25], were developed and employed to assess the expression stability of a series of candidate genes, including 18S ribosomal RNA (18S *rRNA*), eukaryotic elongation factor 1-alpha (*eEF-1a*), eukaryotic initiation factor 4-alpha (*eIF-4α*), ubiquitin (*UBQ*), cullin (*CUL*), clathrin adaptor complex (*CAC*), tonoplastic intrinsic protein (*TIPS-41*), 25S ribosomal RNA (25S *rRNA*), glyceraldehyde-3-phosphate dehydrogenase (*GAPDH*), β-actin (*ACT*), β-tubulin (*TUB*), anthranilate phosphoribosyl transferase (*APRT*) and pseudo response regulator (*PRR*), which stably expressed in *Oryza sativa*[@b26], *Zea mays*[@b27] and *Brassica juncea*[@b28] or had been evaluated in sugarcane[@b29][@b30]. Besides, two genes, sugarcane shaggy-like kinase gene[@b8] (*SuSK*, NCBI GenBank EST database Acc: FG804674) and 6-phosphogluconate dehydrogenase[@b31] (*Sc6PGDH*, GenBank Accession No. KF921299), were also used to further validate the reference accuracy of novel developed candidate gene(s), together with a reference gene *ACT*\* (β-actin) employed by Patade *et al*.[@b8]. Here, we expected to select suitable reference genes that could express stably in the stage of mRNA transcript profile and serve as normalization factors for qRT-PCR experimental analysis in sugarcane under salinity and drought stresses.

Results
=======

Selection of candidate reference genes, amplification specificity and PCR efficiency
------------------------------------------------------------------------------------

A set of 13 candidate reference genes, including four traditional housekeeping genes, 25S *rRNA*, *GAPDH, ACT* and *TUB*, and nine new candidate reference genes, *APRT*, *PRR*, 18S *rRNA*, *eEF-1a*, *eIF-4α*, *UBQ*, *CAC*, *TIPS-41* and *CUL*, were targeted in this study ([Table 1](#t1){ref-type="table"}). The seven of new candidates were achieved from *O. sativa*, *Z. mays* or *B. juncea* for expressing stably across different developmental stages or/and abiotic stresses. *APRT* and *PRR* have been validated as endogenous reference genes in sugarcane genome. Yet two genes, *SuSK* and *6PGDH*, were used to further validate the reference accuracy of novel developed candidate controls, as well as a reference gene *ACT*\*. The primers of *SuSK* and *ACT*\* were achieved from previously study[@b8] and the primers of *6PGDH* from Yang *et al.*[@b31]. Moreover, the pair-primers of candidate genes that have been tested by melting curve and agarose gel electrophoresis were specific. The correlation coefficient (R^2^) values of all candidates changed from 0.9876 to 0.9999 across these cDNA diluted-points ([Table 2](#t2){ref-type="table"}). Concurrently, PCR efficiency (*E*) values of all pair-primers varied between 93.24%--113.56% ([Table 2](#t2){ref-type="table"}).

As showed in [Table 2](#t2){ref-type="table"}, the mean Ct values of 13 candidate reference genes, for all sample groups, changed at a wide range (14.12--28.67), and SD varied from 0.43 to 2.44 and CV from 3.04% to 8.88%. Comparing to all the candidates in all groups, 25S *rRNA* had a highest expression level (mean Ct ± SD = 14.12 ± 0.43), following 18S *rRNA* (mean Ct ± SD = 15.16 ± 0.89), whereas *PRR* (mean Ct ± SD = 28.67 ± 1.74) accumulated less than all the others. In terms of Ct value, 25S *rRNA* and 18S *rRNA* were closely abundant, and the expression level of *ACT*, *GAPDH* and *eEF-1a* were similar and moderate (24.63, 24.78 and 24.47), as well as *TUB* and *UBQ* (26.85 and 26.77), while *CUL*, *TIPS-41*, *APRT*, *eIF-4α*, *CAC* and *PRR* accumulated much less equally. Additionally, 25S *rRNA* was the least variable candidate gene with a CV of 3.04% among 13 candidates, and *TIPS-41* showed the most variable expression across salinity and drought stresses. The rest of 11 genes varied at a small range (from 4.30% to 6.06%). The ranking of gene stability by CV was 25S *rRNA*\>*eIF-4α*\>*ACT*\>*UBQ*\>*TUB*\>*APRT*\>*CAC*\>*GAPDH*\>*CUL*\>18S *rRNA*\>*eEF-1a*\>*PRR*\>*TIPS-41* ([Table 2](#t2){ref-type="table"}).

Analysis of gene expression stability
-------------------------------------

The stability values (SV) were used to rank genes from the most stable to the least stable. The relative expression stability values of candidate reference genes under salinity stress, drought stress and combination of salinity and drought stresses ranked by geNorm, NormFinder, deltaCt and BestKeeper were listed in [Table 3](#t3){ref-type="table"}, [Table 4](#t4){ref-type="table"} and in [Table 5](#t5){ref-type="table"}, respectively. The mean Ct values of candidate reference genes in 12 sample groups were listed in [Table S1](#s1){ref-type="supplementary-material"}.

In term of the top five ranked candidate genes from geNorm, NormFinder, deltaCt method or BestKeeper under salinity stress and drought stress separately, *GAPDH*, *eEF-1a*, *eIF-4α*, *PRR*, *TUB* and *CUL* had a stable expression at least in two systematic statistical algorithms when the seedlings treated with salinity stress, and the same as *GAPDH*, *eEF-1a*, *eIF-4α*, *UBQ*, *PRR* and *CUL* when the seedlings treated with drought stress. But only *GAPDH* was ranked at the top five when evaluated by all four algorithms under salinity stress, while *eEF-1a* performed better than *GAPDH* on geNorm, NormFinder and deltaCt ([Table 3](#t3){ref-type="table"}). For the drought stress samples, none of candidate genes was identically ranked at the top five list generated by four algorithms, but *GAPDH* showed a stable performance when valued by NormFinder, deltaCt and BestKeeper, and *eEF-1a* by geNorm, NormFinder and deltaCt ([Table 4](#t4){ref-type="table"}). For the salinity stress sample set, geNorm suggested *GAPDH* and *eEF-1a* were the most stable two according to the stability measure (*M*), and *eIF-4α* was the perfect one among the 13 candidates according to the identification of NormFinder and deltaCt ([Table 4](#t4){ref-type="table"}). The most stable gene ranked by geNorm was *CAC* together with *APRT* across four drought stress samples, and Normfinder identified *eIF-4α* as the most stable one and deltaCt identified *PRR* as the best one within the same sample pool. It\'s interesting that 25S *rRNA* was identified as the better one at the two sample sets above by BestKeeper comparing to the other candidate genes ([Table 4](#t4){ref-type="table"}).

When the two data sets from salinity and drought stresses were analyzed together, some of *GAPDH*, *eEF-1a*, *eIF-4α*, *CAC* and *CUL* ranked top at least in two methods of geNorm, NormFinder, deltaCt and BestKeeper ([Table 5](#t5){ref-type="table"}). Four of the top five genes were *CAC*, *CUL*, *eEF-1a* and *GAPDH* at both geNorm and deltaCt, and three of the top five genes were *eIF-4α*, *eEF-1a* and *GAPDH* at NormFinder. The least variable gene among these 13 candidate genes was 25S *rRNA*, following 18S *rRNA*, *UBQ*, *eIF-4α* and *GAPDH* ([Table 5](#t5){ref-type="table"}).

In the current study, the pearson correlation coefficient was employed to decide the consistencies of the rank of candidate reference genes that given by geNorm, NormFinder, deltaCt method and BestKeeper ([Table 6](#t6){ref-type="table"}). The stability values of three sample sets (NaCl, PEG and NaCl&PEG) were inputted into SAS S21.0 separately ([Table 6](#t6){ref-type="table"}). Though the pearson correlations achieved from the calculations were positive, the correlation between geNorm and BestKeeper were beyond the reach of significant, as well as NormFinder and BestKeeper under NaCl treatment ([Table 6](#t6){ref-type="table"}). Yet the most significant correlation of the rank of all candidate genes ranked by two methods was NormFinder and deltaCt in salinity and drought treatments (r = 0.910), following NormFinder *VS* deltaCt (r = 0.896) and NormFinder *VS* BestKeeper in drought treatment and geNorm in salinity and drought treatments.

Combination of reference genes for gene normalization under salinity and drought stresses
-----------------------------------------------------------------------------------------

Introducing only one reference gene would cause deviation when performance gene quantification by qRT-PCR[@b17]. Thus, Vandesompele *et al.* suggested that at least a couple of genes were required for data normalization, and recommended a method that identify the optimum number of reference genes by geNorm, through analyzing the pairwise variation (V = V~n~/V~n+1~) between normalization factors (NF~n~ and NF~n+1~) and calculating V~n~/V~n+1~ ratio by adding gene one by one until the gene (n+1) makes no sense to count normalization factor[@b17]. By setting a threshold of V = 0.15, Vandesompele *et al.* suggested that the optimal genes set recommended by the program for a reliable normalization is not necessary to add one more gene. In this study, the data showed that V~2/3~ = 0.069 was less than 0.15, which suggested the combination of *GAPDH* and *eEF-1a* was good enough to normalize gene expression under salinity stress ([Fig. 1](#f1){ref-type="fig"}). For drought stress in sugarcane, the combination of *CAC* and *APRT*, which had a V~2/3~ = 0.130, was the best one for accurate normalization, and addition of another gene (*CUL*) or more had only little influence on the normalization ([Fig. 1](#f1){ref-type="fig"}). In all salinity and drought stress samples, the same effect was found. In revealed that *CAC* together with *CUL* (V~2/3~ = 0.138) could provide a reliable reference for gene expression normalization. In spite of that, all V~3/4~ values from salinity stress samples set, drought stress samples set and all samples set were smaller than V~2/3~ ([Fig. 1](#f1){ref-type="fig"}). And as the data showed above, the top three rank of candidate genes were *GAPDH*, *eEF-1a* and *CUL* under salinity stress, *CAC*, *APRT* and *CUL* under drought stress, and *CAC*, *CUL* and *eEF-1a* under both salinity and drought stresses when evaluated by geNorm.

Expression normalization of *SuSK* and *6PGDH* genes based on different reference gene/genes
--------------------------------------------------------------------------------------------

To validate the effectiveness of reference genes selected in the current study, the expressions of two gene, *SuSK* and *6PGDH*, were detected with the samples treated by salinity or drought stress for 12 h in sugarcane varieties Liucheng03-182, \"ROC\"20, and YC05-179, and the samples treated by salinity or drought stress for 12 h, 24 h and 48 h in FN40 plantlets ([Fig. 2](#f2){ref-type="fig"}) together with each control samples of these four cultivars. The data was normalized with the 2^−ΔΔCt^ method. *SuSK* is a sugarcane gene significantly induced by short-term treatment of NaCl or PEG[@b8]. Based on the recommended gene/genes in this current study, *GAPDH* and *eEF-1a* together with *ACT*\* and *ACT*, or reference gene sets, *GAPDH+eEF-1a* (served as the combination of the two best gene in drought treatment), *GAPDH*+*eEF-1a+CUL*, *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a*. The expression of *SuSK* showed a similar expression tendency under salinity stress treatment for all six sample groups but with different fold of up/down-regulation ([Fig. 2, a](#f2){ref-type="fig"}). In Liucheng03-182, when normalized by a single reference gene *ACT* or *ACT*\*, the most significantly up-regulated expression of *SuSK* was found (P\<0.01), following closely up-regulated expression of *SuSK* by *CAC*+*CUL*, *CAC*+*CUL*+*eEF-1a*, *GAPDH*+*eEF-1a+CUL*, *GAPDH*, *GAPDH*+*eEF-1a* ([Fig. 2, a](#f2){ref-type="fig"}). In \"ROC\"20 salinity-stress treated sample, the expression of *SuSK* exhibited a slight and similar up-regulation expression when the reference of *GAPDH*+*eEF-1a* and *ACT*\* (p\<0.01) were employed, comparing with the reference of *GAPDH*, *CAC*+*CUL*+*eEF-1a* and *GAPDH*+*eEF-1a+CUL* (p\<0.01), in which a slight down regulation of *SuSK* was found. Following that, a more significant down-regulation of *SuSK* was found when normalized by gene(s) *ACT* and *CAC*+*CUL* (p\<0.01) ([Fig. 2, a](#f2){ref-type="fig"}). In the YC05-179 salinity stress treated sample, a slight up-regulation of *SuSK* expression was found with reference gene(s) *GAPDH*+*eEF-1a*, following by *ACT*, *GAPDH*, *GAPDH*+*eEF-1a+CUL* and *CAC*+*CUL*+*eEF-1a*, while a slight down-regulation of *SuSK* expression was found when normalized by *ACT*\*, following by *CAC*+*CUL*, all of these were significantly different (p\<0.01) ([Fig. 2, a](#f2){ref-type="fig"}). In FN40 salinity-stress treated samples, the accumulation of *SuSK* decreased with the increasing of the exposure time, and the fold up-regulation of *SuSK* was significantly different with different references (p\<0.01) except *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a* at 12h and *GAPDH*+*eEF-1a+CUL*, *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a* at 48h ([Fig. 2, a](#f2){ref-type="fig"}). Besides, the magnitude of up-regulation was relatively lower in the reference gene sets of *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a* than those of the others in three FN40 salinity treated samples ([Fig. 2, a](#f2){ref-type="fig"}). When using the single gene *ACT* or the combinations of *CAC*+*APRT*, *CAC*+*APRT+CUL*, *CAC*+ *CUL* and *CAC*+*CUL*+*eEF-1a* as the internal control in drought stress samples, *SuSK* had a similar expression tendency ([Fig. 2, b](#f2){ref-type="fig"}). Obviously, The accumulation of *SuSK* increased both in Liucheng03-182 and in three FN40 samples, but slightly decreased both in \"ROC\"20 and YC05-179 except when normalized by *GAPDH* and *GAPDH*+*eEF-1a* (*GAPDH*+*eEF-1a* was treated as the combination of the two best genes and the recommended gene set in salinity treatment in the current study) ([Fig. 2, b](#f2){ref-type="fig"}). Exactly, the most up-regulation of *SuSK* in Liucheng03-182 was found with the reference of *ACT* (p\<0.01), following the reference of *CAC*+*APRT*, *CAC*+*APRT+CUL*, *ACT*\* secondly, *CAC*+ *CUL* and *CAC*+*CUL*+*eEF-1a;* thirdly, *GAPDH* and *GAPDH+eEF-1a* lastly ([Fig. 2, b](#f2){ref-type="fig"}). In \"ROC\"20 and YC05-179, only the reference of *GAPDH* and *GAPDH+eEF-1a* separately showed that the expression of *SuSK* was up-regulated differently (P\<0.01) comparing with the reference of *ACT*, *CAC*+*CUL*, *CAC*+*APRT+CUL*, *CAC*+*APRT*, *CAC*+*CUL*+*eEF-1a* and *ACT*\*. In FN40 PEG-treated samples, the relative expression of *SuSK* increased continuingly when normalized by *ACT*\*, *GAPDH* and *GAPDH+eEF-1a*, whereas a different expression pattern of *SuSK* was found when normalized by the remaining reference gene/genes, which firstly increased at 12 h, and following a decrease at 24 h and a rising trend at 48 h ([Fig. 2, b](#f2){ref-type="fig"}). The most obvious up-regulation of *SuSK* was found with reference of *GAPDH* at 12 h (p\<0.01) while the lowest up-regulation was in FN40 48 h treated samples with reference of *ACT* (p\<0.01) ([Fig. 2, b](#f2){ref-type="fig"}). Actually, the variation of *SuSK* expression was only slight when normalized by *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a* across three FN40 PEG-treated samples ([Fig. 2, b](#f2){ref-type="fig"}).

The *6PGDH* is a sugarcane gene that involves in the positive response to the salt stress[@b31]. Comparing with the reference of single gene *ACT*\* and *ACT* or the reference of gene(s) *GAPDH*, *GAPDH*+*eEF-1a*, *CAC*+*CUL*, *GAPDH*+*eEF-1a*+*CUL* and *CAC*+*CUL*+e*EF-1a*, the expression of *6PGDH* showed a significantly different fold up-regulation (p\<0.01) in Liucheng03-182, while the reference of *ACT* and *CAC*+*CUL* showed a significant down-regulation of *6PGDH* comparing with the reference of the remaining reference(s), which showed that the expression of *6PGDH* kept at a low up-regulation level in \"ROC\"20 12 h NaCl-treated sample ([Fig. 2, c](#f2){ref-type="fig"}). However, in YC05-179 the accumulation of *6PGDH* increased as treated with NaCl ([Fig. 2, c](#f2){ref-type="fig"}). The highest accumulation of *6PGDH* was found when normalized by the combination of *GAPDH*+*eEF-1a* or *ACT* (p\<0.01), following a moderate accumulation by *GAPDH*, *GAPDH*+*eEF-1a*+*CUL* or *CAC*+*CUL*+e*EF-1a* and a lower accumulation by *CAC*+*CUL* or *ACT* in order. In FN40 NaCl-treated samples, when normalized with the reference of *ACT*\*, *GAPDH*, *GAPDH*+*eEF-1a* and *GAPDH*+*eEF-1a*+*CUL*, the accumulation of *6PGDH* increased firstly at 12 h, then following a down-regulation at 24 h and a rising at 48 h ([Fig. 2, c](#f2){ref-type="fig"}). Conversely, *6PGDH* showed a transcript decrease at 12 h and 24 h, and then a increasing trend occurred at 48 h when used *ACT*, *CAC*+*CUL* or *CAC*+*CUL*+e*EF-1a* as the reference ([Fig. 2, c](#f2){ref-type="fig"}). In PEG-treated samples, the similar tendencies of *6PGDH* expression were found when employed *GAPDH* and *GAPDH*+*eEF-1a* or *ACT*\*, *ACT*, *CAC*+*APRT*, *CAC*+*CUL*, *CAC*+*APRT+CUL* and *CAC*+*CUL*+e*EF-1a* as reference control ([Fig. 2, d](#f2){ref-type="fig"}). In Liucheng03-182, the references of *ACT*\*, *ACT*, *GAPDH*+*eEF-1a*, *CAC*+*APRT* and *CAC*+*CUL* showed obviously different fold up/down-regulation of *6PGDH* (p\<0.01). In \"ROC\"20, the reference of *GAPDH*, *GAPDH*+*eEF-1a*, *CAC*+*APRT* and *CAC*+*CUL* (or *ACT*\*) indicated that *6PGDH* has a significantly different level of *6PGDH* expression (p\<0.01) ([Fig. 2, d](#f2){ref-type="fig"}). Yet the expression of *6PGDH* was closely up-regulated in YC05-179 except the normalization of *GAPDH* and *GAPDH*+*eEF-1a* ([Fig. 2, d](#f2){ref-type="fig"}). In FN40 PEG-treated samples, all of the reference controls employed in this normalization gave a first decreasing accumulation of *6PGDH* expression at 12 h comparing to the control sample and following a slight increasing accumulation at 24 h ([Fig. 2, d](#f2){ref-type="fig"}). However, in 48 h PEG-treated sample the expression of *6PGDH* exhibited significantly different accumulation levels when normalized with different references ([Fig. 2, d](#f2){ref-type="fig"}). The results showed that the *6PGDH* expression with normalization of *GAPDH* had a straight increasing to the highest level at 48 h (p\<0.01) comparing with a slight increasing with normalization of *ACT*\*, *ACT* and *GAPDH*+*eEF-1a*, whereas the normalization using *CAC*+*APRT* or *CAC*+*APRT+CUL* as the reference control, the *6PGDH* transcript exhibited a decreasing accumulation at 48 h, as well as using *CAC*+*CUL* or *CAC*+*CUL*+e*EF-1a* ([Fig. 2, d](#f2){ref-type="fig"})*.*

Across six samples from four cultivars, the expression patterns of *SuSK* and *6PGDH*, which were normalized by different reference controls under discussion in this current study, were analyzed with significant difference test and pearson correlation test. The results showed that the single reference gene (*ACT*\*, *ACT* and *GAPDH*) exhibited a significant difference and the highest relative level of *SuSK* and *6PGDH* expressions, which indicated that the expressions of *SuSK* and *6PGDH* were induced by PEG and NaCl treatment obviously ([Table 7](#t7){ref-type="table"}). Yet comparing with the single gene reference, the combination of *GAPDH*+*eEF-1a* under salinity treatment, *CAC*+*APRT* and *CAC*+*APRT+CUL* under drought treatment, or *CAC*+*CUL* and *CAC*+*CUL*+e*EF-1a* under both two treatments for normalization suggested that the expression of *SuSK* and *6PGDH* were significantly different but at a lower relative expression level ([Table 7](#t7){ref-type="table"}). Though significantly differences would be found between *GAPDH* and *GAPDH*+*eEF-1a*, *GAPDH*+*eEF-1a* and *GAPDH*+*eEF-1a*+*CUL* or *CAC*+*APRT* and *CAC*+*APRT+CUL*, the correlation analysis based on the fold up/down-regulation of *SuSK* and *6PGDH* showed that the correlation coefficients between these pair sets (except employed *GAPDH* and *GAPDH*+*eEF-1a* for *6PGDH* normalization under NaCl treatment) together with *CAC*+*CUL* and *CAC*+*CUL*+e*EF-1a* were positive significantly. It also indicated that the expression patterns of *SuSK* and *6PGDH* were nearly identical when normalized with either of two reference gene sets ([Table 8](#t8){ref-type="table"}).

Discussion
==========

Major environmental stresses, such as drought and salinity, contribute to the gap between actual and potential crop yields. To guarantee a sustainable crop yield, it is imperative to design and develop better crop varieties with in-built tolerance to the harmful effects of constantly changing environmental factors[@b5][@b35][@b36]. To characterize the function of the target genes, some drought- and salty-treated experiments should be implemented under artificial and controllable conditions to study the gene expression variation. qRT-PCR has been commonly recognized as a reliable and accurate method for detecting expression of gene and has a huge advantage in the study of molecular mechanism. However, to minimize the variation caused by RNA integrity, cDNA synthesis, PCR reaction, the tissue or cell activities, reference gene selection should be required[@b18]. Sugarcane is the most important sugar crop which accounts for 80% sugar production in the world and 92% of that in China, and it is also an important energy crop which can be used effectively for biofuel production. The development of sugarcane cultivars tolerant to osmotic and drought stresses could allow for the expansion of plantations to sub-prime regions. Having a good knowledge of the molecular mechanisms related to drought-responses and the relationship between water-utilized and carbon-fixed in plants would greatly help to increase yield[@b37], and even breeding. A number of novel drought- or salt-related genes/microRNAs have been identified in sugarcane[@b5][@b6][@b7][@b35][@b36][@b37][@b38]. Though Iskandar *et al.*[@b29] had identified *GAPDH* as a reliable reference for normalizing the transcriptional profile of target genes in two sugarcane cultivars and three *Saccharum* species and Ling *et al.*[@b30] had identified *GAPDH*, *eEF-1a* and *eIF-4a* as the most stable and suitable references genes for normalizing target gene related to various experimental samples, several genes, such as *β-actin*, *tubulin*, 25S *rRNA*, *GAPDH* and poly-*ubiquitin*, were still frequently used as the reference genes for the normalization of gene expression in sugarcane.

Comparing to the results showed in the present study, geNorm, NormFinder and deltaCt mostly showed consistency of the rank of candidate reference genes. Bestkeeper showed the least correlation of the rank of all the candidate genes with geNorm. Depending on the pearson correlations achieved from the calculations, we prefer to select the reference genes base on the rank gave by geNorm NormFinder and deltaCt. In the current study, we collected 12 sample groups from four sugarcane varieties, and attempted to select the best-suited reference genes from 13 candidates, 25S *rRNA*, *GAPDH*, *ACT*, *TUB*, *APRT*, *PRR*, 18S *rRNA*, *eEF-1a*, *eIF-4α*, *CAC*, *TIPS-41*, *CUL* and *UBQ* for testing across salinity (NaCl) and drought (PEG) treatment. Then the expression profiles of *SuSK* and *6-PGDH* were normalized with reference gene(s) recommended by geNorm, NormFinder, deltaCt and BestKeeper synthetically and reference gene sets recommended by geNorm above. The results showed that none of gene ranked at the first by four different statistical algorithms simultaneously, but some consistency could be found among geNorm, NormFinder and deltaCt. When analyzed the data from salinity-treated samples, only *GAPDH* and *eEF-1a* were identified for their stable expression across four sugarcane cultivars by three of the four programs employed in this study. It was in consistent with the results reported that *GAPDH* expressed stable across different tissues in two sugarcane cultivars and three other *Saccharum* species[@b29]. An overview from Kozera *et al.* emphasized that though the use of *GAPDH* in many studies brings variable normalization results when exhibited to some experimental conditions, *GAPDH* is one of the most commonly used reference genes due to its different sequence and validation in each case separately[@b39]. In this study, *eEF-1a* expression was identified at a stable level with respect to salinity and drought treatments when evaluated by geNorm, NromFinder and deltaCt, and some previous studies have proved that *eEF-1a* was suitable for gene transcript profile normalization in *O. sativa*, *Cucumis sativus*, *Carica papaya*, *Gossypium hirsutum* L. and *Vigna mungo* under abiotic stress[@b26][@b40][@b41]. For these reasons, *GAPDH* and *eEF-1a* recommended by at least three systematic statistical algorithms in this study could be accepted as normalization factor in sugarcane when exposed to salinity and drought. *eIF-4α* exhibited high stability across two methods *viz.*, NormFinder and deltaCt, but poor performance across geNorm and BestKeeper. According to previous reports, though *eIF* (Eukaryotic initiation factor) performed good across different tissues in *Musa paradisiaca*, *Lycoris longituba*, *Hevea brasiliensis* and *Coffea* spp., it was less stable across multiple stresses except in *C. papaya*[@b42]. It meant that *eIF-4α* was not as suitable as *GAPDH* and *eEF-1a* for gene normalization in the current study, as well as the previously used reference gene *ACT* that ranked at the bottom of 13 candidates. The data also showed that 25S *rRNA* and *TUB* were ranked at mid-position of the list from four algorithms or even worse. These results agreed with Iskandar *et al*. discussion about 25S *rRNA*, *TUB*, *ACT* and *GAPDH*[@b29]. In the previous study, Jain *et al*. showed that the expression of *UBQ5* was more stable than that of *UBQ10* in tested tissue samples[@b26], but performed poorly stable in this current study. So does 18S *rRNA* and 25S *rRNA*, which was highly expressed. *CAC* and *TIPS-41* was the best recommended combination in *Brassica juncea*[@b28]. However, *TIPS-41* was not suitable to serve as a reference gene for its unstable expression across treated samples according to all four algorithms. *CAC* together with *CUL*, which exhibited a more stable expression pattern according to geNorm, NormFinder and Bestkeeper[@b27], was recommended as the reference gene combination in the present study. Due to most of the candidate genes were member of multigene family, different sequences from one family mostly probably have different stability performance in each case[@b39] and the current study aimed to select suitable reference gene normalization salinity and drought response. It may be the main reason that these candidates exhibited different stability pattern in sugarcane although some were referenced from sugarcane closely related species (Rice and Maize). *APRT* and *PRR* with low copies number in sugarcane genome were few detected at the transcript level.

Using *GAPDH*, *eEF-1a*, *ACT*\*, *ACT*, *GAPDH+eEF-1a*, *GAPDH*+*eEF-1a+CUL*, *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a* as internal controls, the expression of *SuSK* and *6PGDH* were detected by qRT-PCR in this study. In salinity or drought treatment, the result showed that the expression trends of *SuSK* and *6PGDH* across different groups were closely consistency under different reference gene/genes, but some different would be found in several groups separately. The expression profiles or transcript abundance were normalized by the less stable reference gene (*ACT*), the most stable reference gene (*GAPDH*) together with *ACT*\*, the combination of the two most stable genes (*GAPDH* and *eEF-1a*), reference gene sets recommended by geNorm or combinations of the top three rank reference genes by geNorm. The above six strategies were employed in the present study to validate the suitability of the candidate reference gene/gene set under investigation. Thus, the results suggested that the expressions level of *SuSK* and *6PGDH* with different reference gene sets can be ranked in a nearly identical order from high to low under PEG or NaCl treatment in either of six sample groups. Though the reference of single gene, *ACT*\*, *ACT* or *GAPDH*, showed similar fold of regulations of *SuSK* and *6PGDH* with gene set(s) under one or more of six samples, it exhibited a more variable expression of *SuSK* and *6PGDH* across six sample groups. Actually, the expression of *SuSK* was less variable when normalized by *GAPDH*+*eEF-1a*, *CAC*+*CUL*, *CAC*+*APRT*, *GAPDH*+*eEF-1a+CUL*, *CAC*+*CUL*+*eEF-1a* and *CAC*+*APRT+CUL* across all six salinity- or drought-treated sample groups. When normalized by *CAC*+*CUL* and *CAC*+*CUL*+*eEF-1a*, the expression of *SuSK* was moderately induced across all salinity or drought-treated sample groups, as well as the expression of *6PGDH*. For salinity-treated sample groups, the normalization with reference of the best recommended gene set, *GAPDH*+*eEF-1a*, showed that the expression level of *SuSK* and *6PGDH* were lower than most of the remaining references employed in Liucheng03-182 and \"ROC\"20 but higher in YC05-179 and FN40 in this test. However, when this two genes, *GAPDH* and *eEF-1a*, served as combination of two best genes under drought treatment, the transcript level of *SuSK* and *6PGDH* were more significantly higher than most of the other references in \"ROC\"20, YC05-179 and FN40. For the reference of *CAC*+*APRT*, the best combination under drought treatment, the data showed that the accumulation of *SuSK* and *6PGDH* changed easily. Using a single reference gene for gene normalization was considered as less reliable than that of gene set[@b17][@b19]. It means that the normalizations with the reference of *CAC*+*APRT*, *GAPDH*+*eEF-1a* or *CAC*+*CUL* were more reliable than those with *GAPDH*, *ACT*\* or *ACT*.

Additionally, the results of significant difference test and pearson correlation test showed that the single reference gene (*ACT*\*, *ACT* and *GAPDH*) exhibited the significant difference and the highest relative expression levels of *SuSK* and *6PGDH*, which indicated that the expressions of *SuSK* and *6PGDH* were induced by PEG and NaCl treatment obviously. Yet though significantly different between the reference of *GAPDH* and *GAPDH*+*eEF-1a*, *GAPDH*+*eEF-1a* and *GAPDH*+*eEF-1a*+*CUL* or *CAC*+*APRT* and *CAC*+*APRT+CUL*, the correlation analysis based on the fold up/down-regulation of *SuSK* and *6PGDH* indicated that the correlation coefficients between the recommended two and the top three gene ranked by geNorm were positive significantly, which indicated that the expression patterns of *SuSK* and *6PGDH* were nearly identical when normalized with either of two. This result indicated that the best reference gene set recommended by geNorm plus one more gene from the rank (the top three gene ranked by geNorm) failed to give any more precise normalization.

Methods
=======

Plant materials and stress treatments
-------------------------------------

To achieve disease-free materials, the stem sections (nodes) from four cultivars, \"ROC\"20, FN40, Liucheng03-182 and YC05-179, were firstly treated with 50°C -water thermotherapy contained 100 mg·L^-1^ fungicide carbendazim (Friend, Zhengzhou, China) for 40 min and then planted in autoclaved soil (16 h light/8 h dark, 28°C in incubator) before harvested for meristem excision, callus induction, shoot differentiation and rooting[@b32], and then the seedlings were placed in ddH~2~O and cultured for ten days. Salinity stress was induced by sodium chloride (NaCl) and drought stress by polyethylene glycol (PEG) 8000. The greatly consistent seedlings were divided into three groups. Two of them were placed into NaCl (250 mM)- or PEG 8000 (25% w/v)-water solutions for 12 h in flat-bottomed glass tubes separately. The third group without treatment (kept in distilled water) was harvested as control at 0 h. Three biological replications were contained in each sample group. All samples had been employed in the experiments that evaluating the stabilities of candidate reference genes in sugarcane under salinity and drought stresses. Additionally, the samples that treated with NaCl (250 mM)- and PEG 8000 (25% w/v)-water solutions for 12 h, 24 h and 48 h in FN40 seedlings together with previously FN40 untreated sample group (control) were collected and used in experimental validation together with the previous stress treated sample groups and control group from the remaining three cultivars. Three biological replications were included in each sample group collected in this current experiment.

In our study, each sample collected from each cultivar under different treatments was considered an experimental group as well as control sample, thus 12 groups (4 different cultivars and 2 different treatments for 12 h together with controls) were used for analyzing candidate reference stability, and this 12 groups plus 4 groups, which contained PEG or NaCl 24 h and 48 h treated samples fromFN40), were used for experimental validation.

RNA isolation and cDNA synthesis
--------------------------------

All samples were snap--frozen and stored at −80°C before RNA extraction. RNAprep Pure Plant Kit (polysaccharides & polyphenolics-rich, TIANGEN, Beijing, China) was used for RNA extraction, following RNA integrity analysis by agarose gel electrophoresis and RNA samples quality tests with synergy H1 Microplate Reader Multi-Mode (Bio-Tek, Vermont, USA). Finally, the samples with 260/280 ratio from 1.9 to 2.1, 260/230 ratio from 2.0 to 2.5 were chosen.

Subsequently, the first-strand cDNA was synthesized with a 10 μL reaction system following the instruction of TAKARA PrimeScrit RT reagent Kit (Perfect for Real Time) (TAKARA Biotechnology, Dalian, China). Then the quality and integrity of cDNA were checked by agarose gel electrophoresis and synergy H1 Microplate Reader Multi-Mode and stored at −20°C until use.

Screening of candidate reference genes and primer design
--------------------------------------------------------

The primers of four traditional housekeeping genes, 25S *rRNA*, *GAPDH, ACT* and *TUB*, had been reported by Iskandar *et al.*[@b29] and Que *et al.*[@b33], and the pair-primers of two new candidate reference genes, *APRT* and *PRR*, were from Casu *et al.*[@b34]. The probe sequences from *O. sativa* (18S *rRNA*, AK059783; *eEF-1a*, AK061464; *eIF-4α*, AK073620; *UBQ5*, AK061988), *Z. mays* (*CUL*, GRMZM2G166694_T04) and *Arabidopsis thaliana* (*CAC*, AK317765.1 and *TIPS-41*, NM_119592.4) were used to search within sugarcane expressed sequence tags (ESTs) database (<http://www.ncbi.nlm.nih.gov/>). Subsequently, the target ESTs were identified by querying homologous sugarcane sequences together with *A. thaliana* genes mRNA complete CDS and probe-sequences. Using the tool Primer-BLAST (<http://www.ncbi>. nlm.nih.gov/tools/primer-blast/), the pair-primers were designed on the homolog regions that verified by DNAMAN with the reference sequences from *O. sativa*, *Z. mays*, *B. juncea*, *T. aestivum* or *A. thaliana* and the homologous sequences from sugarcane.

Two-step qRT-PCR
----------------

The 2.0 μL diluted-cDNA (10 ng total RNA) was used as template in a 20 μL-mixture qPCR reaction together with 10.0 μL SYBR Green Master Mix (Roche, New York City, USA), 10 pM of each primer and 6.4 μL ddH~2~O. The ABI 7500 real time PCR amplification regime (Applied Biosystems, Foster City, CA, USA) comprised 2 min denaturation at 50°C, 10 min at 95°C, and then followed by 40 cycles (94°C for 15 s, and 60°C for 60 s). To check the specificity of the amplicon, the qRT-PCR products of each gene were used for a electrophoresis with a 1.0% w/v agarose gel, and the melting curves were evaluated in each reaction (data not shown). The Ct value from three biological replicates, which three technical replicates were included and resulted from three different RNA extractions, RT and qRT-PCR reactions, were collected for stabilities analysis. Using series dilution of cDNA from YC05-179 control sample as the templates, the standard curves were generated for each candidate reference gene prior to the qRT-PCR evaluation of these genes in sugarcane treated sample groups, then estimating the PCR amplification efficiencies of all genes through the slope of the standard curve with the formula as follow: To calculate PCR efficiency and the correlation coefficient (R^2^) and generate standard curve, Ct values of each gene, which obtained from a range of ten-, five- or three-fold dilutions of YC05-179 control sample, were inputted into MicroSoft Excel 2003. Among the investigated genes, *GAPDH* and *TUB* were ten-fold, 25S *rRNA*, *ACT*, 18S *rRNA*, *eEF-1a*, *CUL* and *eIF-4α* were five-fold, and *CAC*, *TIPS-41*, *UBQ*, *APRT* and *PRR* were three-fold of decrement on the YC05-179 control sample.

Data analysis
-------------

The Ct values over 40 would be quitted to avoid non-specific detection. According to the manual provided by the authors, the expression data from the mean Ct values of three biological replications 12 sample groups described previously were evaluated by freely available Visual Basic Applications for Microsoft Excel, namely geNorm[@b17] and NormFinder[@b18], and by RefFinder[@b25], a WEB-based software (<http://www.leonxie.com/referencegene.php>). The Ct values were transformed into relative quantities (Q value) via the delta-Ct method, as following formula: E, the PCR efficiency of candidate gene; ΔCt, the difference of Ct values between the treated-sample and the control-sample. Then the Q values were loaded into geNorm and NormFinder to achieve a stability measure (M) and a stability ranking. Optimal numbers of reference genes for gene expression normalization were required to calculate by geNorm. In addition, the measure results of BestKeeper and deltaCt method from RefFinder were employed, which required Ct input directly. Besides, the mean Ct values of 13 candidate reference genes were used to calculate standard deviation (SD) and co-variance (CV) on MicroSoft Excel 2003. Following that, pearson correlation values (r value) were calculated by inputting the stability values of 13 candidate genes that obtained from geNorm, NormFinder, deltaCt and BestKeeper into SAS S21.0. These values reflect the level of correlation between the results from geNorm, NormFinder and deltaCt. To valid the reference gene/genes selected in the present study, the relative expression level of *SuSK* and *6PGDH* were normalized with the 2^−ΔΔCt^ method after collected the Ct mean value of each biological replication from the samples treated by salinity or drought stresses for 12 h in sugarcane varieties Liucheng03-182, \"ROC\"20, YC05-179 and the samples treated by salinity or drought stress for 12 h, 24 h and 48 h in FN40 plantlets together with the control samples. Finally, the relative folds of *SuSK* and *6PGDH* expression in experimental validation were used to calculate the difference of normalization with different reference gene or genes by inputting the values into DPS (v7.05) and the pearson correlation between gene(s) and gene set on SAS S21.0.

Conclusion
==========

To validate suitable reference genes or gene sets for gene expression normalization in sugarcane under salinity and drought stresses, 13 candidate reference genes have been tested across four different sugarcane genotypes using four commonly used systematic statistical algorithms, which termed as geNorm, BestKeeper, NormFinder and deltaCt methods. The results showed that geNorm, NormFinder and deltaCt would give a more consistent rank of gene stability. Based on gene stability analysis, the current study confirmed that *GAPDH* or *eEF-1a* was identified as a suitable reference gene for gene expression normalization under salinity/drought treatments in sugarcane. Moreover, the expression analyses of *SuSK* and *6PGDH* further validated that a combination of *CAC* and *CUL* as reference would be better in the current study. These results can facilitate the future research on gene expression in sugarcane under salinity- and drought-stresses.
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![Determination of the optimal number of reference genes under salinity stress and drought stress.\
The pairwise variation (V~n~/V~n\ +\ 1~) was analyzed between the normalization factors NF~n~ and NF~n\ +\ 1~ by geNorm program to determine the optimal number of reference genes required for qRT-PCR data normalization. NF~n~, the Normalization Factor was based on n reference genes included in present study; The calculation of V~n~/V~n\ +\ 1~ value was based on two sequential normalization factors. We proposed 0.15 as a threshold value, which suggested that adding one more gene into the combination of reference genes is not required. As showed in Fig. 1, the optimal number of reference genes under salinity stress (a), drought stress (b) or salinity stress plus drought stress (c) were two. It suggested that the top two ranked by geNorm in this current study was the best combination.](srep07042-f1){#f1}

![Normalized expression of *SuSK* and *6PGDH* under salinity stress, drought stress or salinity stress plus drought stress in sugarcane.\
*SuSK* (sugarcane Shagging-like kinase) and *6PGDH* (6-phosphogluconate dehydrogenase) both were salinity and drought stress response genes in sugarcane. In this current study, the normalization of *SuSK* (a) and *6PGDH* (b) employed a single refernce gene, *ACT*\* *ACT* and *GAPDH*, or the reference gene set, *GAPDH*+*eEF-1a*, *CAC*+*CUL*, *GAPDH*+*eEF-1a*+*CUL* and *CAC*+*CUL*+*eEF-1a* as reference control in salinity stress treatment experiment, and. *SuSK* (c) and *6PGDH* (d) *ACT*\* *ACT* and *GAPDH*, or reference gene set, *GAPDH*+*eEF-1a*, *CAC*+*APRT*, *CAC*+*CUL*, *CAC*+*APRT*+*CUL* and *CAC*+*CUL*+*eEF-1a* as reference control in drought stress treatment experiment. Using 2^−ΔΔCt^ to normalize the *SuSK* and *6PGDH*, all the control samples from different cultivars were converted into 1.](srep07042-f2){#f2}

###### Description of 13 candidate reference genes used for qRT-PCR in *S.* spp. hybrids

  gene           Accession number                  Functions                          Reference
  ------------- ------------------ ------------------------------------------ -------------------------
  25S *rRNA*         BQ536525                  25S ribosomal RNA               Iskandar *et al.*[@b29]
  *GAPDH*            CA254672       glyceraldehyde-3-phosphate dehydrogenase   Iskandar *et al.*[@b29]
  *ACT*^\#^          CA148161                       β-actin                    Iskandar *et al.*[@b29]
  *TUB*^\#\#^        CA222437                      β-tubulin                   Iskandar *et al.*[@b29]
  18S *rRNA*         SCFRRE06                  18S ribosomal RNA                 Jain *et al.*[@b26]
  *UBQ*             CA262530.1                     Ubiquitin                     Jain *et al.*[@b26]
  *eEF-1a*          EF581011.1          Eukaryotic elongation factor 1a          Jain *et al.*[@b26]
  *eIF-4α*          CA275432.1          Eukaryotic initiation factor 4a          Jain *et al.*[@b26]
  *CUL*             CF574093.1                       Cullin                     Manoli *et al.*[@b27]
  *CAC*             CA203604.1              Clathrin adaptor complex           Chandna *et al.*[@b28]
  *TIPS-41*         CA228782.1           Tonoplastic intrinsic protein         Chandna *et al.*[@b28]
  *APRT*            CA089592.1      Anthranilate phosphoribosyl transferase     Casu *et al.* [@b34]
  *PRR*             CA275446.1             Pseudo response regulator              Casu et al.[@b34]
  *ACT*\*              ^\_^                         β-actin                     Patade *et al.*[@b8]
  *SuSK*             FG804674              Shaggy-like protein kinase           Patade *et al.*[@b8]
  *6PGDH*            KF921299           6-phosphogluconate dehydrogenase         Yang *et al.*[@b31]

*ACT^\#^*, β-actin; *TUB^\#\#^*, β-tubulin; *ACT\**, β-actin.

###### Selected candidate reference gene primers and their parameters derived from qRT-PCR analysis

  gene                           Primer F/R (5′-3′)                   Amplicon length (nt)   PCR efficiencies (E%)   Regression Coefficient (R^2^)   Mean Ct    SD     CV (%)
  ------------- ---------------------------------------------------- ---------------------- ----------------------- ------------------------------- --------- ------- --------
  25S *rRNA*         GCAGCCAAGCGTTCATAGC CCTATTGGTGGGTGAACAATCC               108                   113.83                      0.9982                14.12    0.429   3.04%
  *GAPDH*              CACGGCCACTGGAAGCA TCCTCAGGGTTCCTGATGCC                 101                    93.24                      0.9986                24.63    1.434   5.82%
  *ACT*^\#^          CTGGAATGGTCAAGGCTGGT TCCTTCTGTCCCATCCCTACC               112                   109.06                      0.9988                24.78    1.149   4.64%
  *TUB*^\#\#^      CCAAGTTCTGGGAGGTGATCTG TTGTAGTAGACGTTGATGCGCTC             103                    94.76                      0.9997                26.85    1.382   5.15%
  18S *rRNA*        CTACGTCCCTGCCCTTTGTACA ACACTTCACCGGACCATTCAA               65                    97.24                      0.9982                15.16    0.888   5.86%
  *UBQ*          ACCACTTCGACCGCCACTACTG CACCACCTAGCAAGGCTTTCCATTTC             69                   102.30                      0.9998                26.77    1.305   4.88%
  *eEF-1a*       TTTCACACTTGGAGTGAAGCAGAT GACTTCCTTCACAATCTCATCATAA           103                    96.87                      0.9998                24.47    1.441   5.89%
  *eIF-4α*        TTGTGCTGGATGAAGCTGATG GGAAGAAGCTGGAAGATATCATAGA              76                    98.87                      0.9876                28.15    1.211   4.30%
  *CUL*              TGCTGAATGTGTTGAGCAGC TTGTCGCGCTCCAAGTAGTC                105                   105.66                       0.999                27.57    1.607   5.83%
  *CAC*              ACAACGTCAGGCAAAGCAAA AGATCAACTCCACCTCTGCG                112                    99.50                      0.9999                28.34    1.633   5.76%
  *TIPS-41*          CACCTGTTGAGGTTCCTGCT CACAGCATCACTCCCACAGT                116                   113.56                      0.9964                27.50    2.441   8.88%
  *APRT*             TGACACATTCCCAACCTCAA ATCTCTCTCCCTGAGTGGCA                119                   102.53                      0.9993                27.93    1.523   5.45%
  *PRR*              GCCAAATTCAGGCAGAAAAG CACCCTAGGCCTTGTTTCAG                 93                    98.13                      0.9999                28.67    1.738   6.06%
  *ACT*\*            GCCAAGAACAGCTCCTCAGT GAGCACAATGTTGCCGTAGA                 \_                    98.12                      0.9994                20.52     \_       \_
  *SuSK*             AGACGGAGGCCATTTATCCT GTGCTGGACCTTGCACAGTA                 \_                    98.20                      0.9937                21.78     \_       \_
  *6PGDH*            CTTGTTGACCCTGAGTTTGCC CCTGTCCCTGCGGTATGAGT                \_                   100.88                      0.9934                23.40     \_       \_

Mean Ct values from YC05-179 samples were used to calculate the slope and correlation coefficients (R^2^) of the primer pairs of candidate genes. According to the formula \[E = (10^(-1/slope)^-1) × 100%\], real-time quantitative polymerase chain reaction (qRT-PCR) efficiencies (E) were calculated by using the slope of the standard curves. Mean Ct value (mean), standard deviation (SD) and co-variance (CV) were counted on MicroSoft Excel 2003. *ACT^\#^*, β-actin; *TUB^\#\#^*, β-tubulin; *ACT\**, β-actin.

###### Relative expression stability of candidate reference genes under salinity stress

          geNorm     NormFinder    deltaCt     BestKeeper                                   
  ---- ------------ ------------ ------------ ------------ ------------ ------ ------------ ------
  1      *GAPDH*        0.08       *eIF-4α*       0.13       *eIF-4α*    0.64   25S *rRNA*   0.47
  2      *eEF-1a*       0.08        *TUB*         0.19       *eEF-1a*    0.66     *UBQ*      0.64
  3       *CUL*         0.17        *PRR*         0.53       *GAPDH*     0.67   18S *rRNA*   0.72
  4       *APRT*        0.22       *eEF-1a*       0.72        *CAC*      0.7     *GAPDH*     0.78
  5       *PRR*         0.27       *GAPDH*        0.75        *CUL*      0.72     *TUB*      0.83
  6       *CAC*         0.37        *CUL*         0.85        *APRT*     0.73     *CAC*      0.87
  7       *UBQ*         0.44        *APRT*        0.87        *ACT*      0.76    *eEF-1a*    0.88
  8      *eIF-4α*       0.51        *UBQ*         0.98        *TUB*      0.95    *eIF-4α*    0.93
  9       *TUB*         0.63      25S *rRNA*      0.98      25S *rRNA*   0.95     *APRT*     1.06
  10    25S *rRNA*      0.98        *CAC*         1.01      18S *rRNA*   0.97     *ACT*      1.07
  11      *ACT*         1.23        *ACT*         1.14        *UBQ*      1.04     *CUL*      1.11
  12    18S *rRNA*      1.47      18S *rRNA*      1.54        *PRR*      1.07     *PRR*      1.34
  13    *TIPS-41*       1.87      *TIPS-41*       2.79      *TIPS-41*    2.11   *TIPS-41*    1.83

\*SV, stability value.

###### Relative expression stability of candidate reference genes under drought stress

          geNorm     NormFinder    deltaCt     BestKeeper                                   
  ---- ------------ ------------ ------------ ------------ ------------ ------ ------------ ------
  1       *CAC*         0.15       *eIF-4α*       0.23        *PRR*      0.57   25S *rRNA*   0.21
  2       *APRT*        0.15       *eEF-1a*       0.55       *eEF-1a*    0.58   18S *rRNA*   0.85
  3       *CUL*         0.31        *PRR*         0.57       *GAPDH*     0.6     *GAPDH*     0.89
  4       *UBQ*         0.36       *GAPDH*        0.68       *eIF-4α*    0.61     *ACT*      1.08
  5      *eEF-1a*       0.41        *UBQ*         0.7         *CUL*      0.63     *TUB*      0.85
  6       *TUB*         0.46        *TUB*         0.78        *APRT*     0.65   *TIPS-41*    1.98
  7      *GAPDH*        0.52        *CAC*         0.83        *CAC*      0.69     *CAC*      0.98
  8      *eIF-4α*       0.61      25S *rRNA*      0.84      18S *rRNA*   0.75     *CUL*      0.81
  9       *PRR*         0.68        *CUL*         0.87        *UBQ*      0.75     *UBQ*      0.58
  10    25S *rRNA*      0.96        *APRT*        0.9         *ACT*      0.8     *eEF-1a*    0.91
  11      *ACT*         1.24        *ACT*         1.22        *TUB*      0.85    *eIF-4α*    0.71
  12    18S *rRNA*      1.43      18S *rRNA*      1.35      25S *rRNA*   1.15     *APRT*     0.73
  13    *TIPS-41*       1.87      *TIPS-41*       2.89      *TIPS-41*    2.17     *PRR*      0.79

###### Relative expression stability of candidate reference genes under salinity and drought stresses

          geNorm     NormFinder    deltaCt     BestKeeper                                   
  ---- ------------ ------------ ------------ ------------ ------------ ------ ------------ ------
  1       *CAC*         0.28       *eIF-4α*       0.31       *eIF-4α*    0.62   25S *rRNA*   0.35
  2       *CUL*         0.28       *eEF-1a*       0.58       *GAPDH*     0.63   18S *rRNA*   0.78
  3      *eEF-1a*       0.38        *PRR*         0.61       *eEF-1a*    0.63     *UBQ*      0.79
  4      *GAPDH*        0.41       *GAPDH*        0.65        *CUL*      0.66    *eIF-4α*    0.82
  5       *APRT*        0.44        *TUB*         0.71        *CAC*      0.69    *GAPDH*     0.83
  6       *UBQ*         0.48        *CUL*         0.73        *APRT*     0.74     *TUB*      0.84
  7      *eIF-4α*       0.56        *CAC*         0.76        *ACT*      0.76    *eEF-1a*    0.92
  8       *PRR*         0.61        *UBQ*         0.83        *PRR*      0.85     *CAC*      0.96
  9       *TUB*         0.68        *APRT*        0.86      18S *rRNA*   0.86     *CUL*      1.00
  10    25S *rRNA*      0.96      25S *rRNA*      0.86        *UBQ*      0.91     *APRT*     1.02
  11      *ACT*         1.19        *ACT*         0.91        *TUB*      0.92     *PRR*      1.06
  12    18S *rRNA*      1.39      18S *rRNA*      1.16      25S *rRNA*   1.03     *ACT*      1.07
  13    *TIPS-41*       1.77      *TIPS-41*       2.10      *TIPS-41S*   2.00   *TIPS-41*    1.90

###### Correlation of the candidate genes rank according to the evaluation based on four statistical algorithms

                                            Correlation                                                    
  ---------------------------- ------------------------------------- ------------------------------------- -------------------------------------
  geNorm *VS* NormFinder        0.751[\*\*](#t6-fn1){ref-type="fn"}   0.776[\*\*](#t6-fn1){ref-type="fn"}   0.807[\*\*](#t6-fn1){ref-type="fn"}
  geNorm *VS* deltaCt           0.707[\*\*](#t6-fn1){ref-type="fn"}   0.732[\*\*](#t6-fn1){ref-type="fn"}   0.767[\*\*](#t6-fn1){ref-type="fn"}
  geNorm *VS* Bestkeeper                       0.320                                 0.551                                 0.445
  NormFinder *VS* deltaCt       0.795[\*\*](#t6-fn1){ref-type="fn"}   0.896[\*\*](#t6-fn1){ref-type="fn"}   0.910[\*\*](#t6-fn1){ref-type="fn"}
  NormFinder *VS* Bestkeeper                   0.528                  0.808[\*\*](#t6-fn1){ref-type="fn"}   0.704[\*\*](#t6-fn1){ref-type="fn"}
  deltaCt *VS* Bestkeeper        0.656[\*](#t6-fn2){ref-type="fn"}     0.665[\*](#t6-fn2){ref-type="fn"}     0.671[\*](#t6-fn2){ref-type="fn"}

\*\*Correlation is significant at the 0.01 level (2-tailed).

\*Correlation is significant at the 0.05 level (2-tailed).

###### The significant difference of *SuSK* and *6PGD*H expressions when employed different reference gene/genes

                            *SuSK*   *6PGDH*       
  ------------------------ -------- --------- ---- ----
  *ACT\**                     B         A      A    A
  *ACT*                       E        BC      B    B
  *GAPDH*                     A         B      C    B
  *GAPDH*+*eEF-1a*            C        BC      D    C
  *CAC*+*APRT*                B        \~      D    \~
  *CAC*+*CUL*                 F         C      E    C
  *CAC*+*APRT*+*CUL*          D        \~      EF   \~
  *CAC*+*CUL*+*eEF-1a*        EF        C      F    C
  *GAPDH*+*eEF-1a*+*CUL*      \~        C      \~   D

Different letters indicated that significantly different in A, B, C, D, E and F in order at the 0.01 level (2-tailed).

###### Correlation of the expression of *SuSK* and *6PGDH* with different reference genes combination

                                                             *SuSK*                                  *6PGDH*                                                         
  ------------------------------------------ --------------------------------------- --------------------------------------- --------------------------------------- ---------------------------------------
  (*GAPDH*) VS (*GAPDH+eEF-1a*)               0.965([\*\*](#t8-fn1){ref-type="fn"})   0.980([\*\*](#t8-fn1){ref-type="fn"})   0.965([\*\*](#t8-fn1){ref-type="fn"})                   0.788
  (*GAPDH+eEF-1a*) VS (*GAPDH+eEF-1a+CUL*)                     \~                     0.968([\*\*](#t8-fn1){ref-type="fn"})                    \~                     0.934([\*\*](#t8-fn1){ref-type="fn"})
  (*CAC+APRT*) VS (*CAC+APRT+CU*L)            0.999([\*\*](#t8-fn1){ref-type="fn"})                    \~                     0.994([\*\*](#t8-fn1){ref-type="fn"})                    \~
  (*CAC+CUL*) VS (*CAC+CUL+eEF-1a*)           0.956([\*\*](#t8-fn1){ref-type="fn"})   0.994([\*\*](#t8-fn1){ref-type="fn"})   0.967([\*\*](#t8-fn1){ref-type="fn"})    0.873([\*](#t8-fn2){ref-type="fn"})

\*\*Correlation is significant at the 0.01 level (2-tailed).

\*Correlation is significant at the 0.05 level (2-tailed).

[^1]: These authors contributed equally to this work.
